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(57) 
A terminal configured to operate in a mobile telecommuni 
cation network includes a receiver configured to receive from 
a network entity other than another terminal a direct commu 
nication initiation signal including resource allocation infor 
mation for establishing terminal-to-terminal direct commu 
nication between the terminal and a second terminal using a 
radio access technology (RAT) in which the terminal is con 
figured to communicate when communicating with the sec 
ond terminal through one or more base stations or (e)NBand 
a terminal-end terminal-to-terminal direct communication 
logic configured to establish terminal-to-terminal direct com 
munication with the second terminal based on the resource 
allocation information provided by the network entity other 
than a terminal. 
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NETWORK-CONTROLLED 
TERMINAL-TO-TERMINAL DIRECT 
COMMUNICATION IN WIRELESS 

TELECOMMUNICATION NETWORK 

TECHNICAL FIELD OF THE INVENTION 

The technology of the present disclosure relates generally 
to portable electronic devices and transmission equipment 
operable in a wireless communication network and more 
particularly to systems and methods for network-controlled 
terminal-to-terminal direct communication. 

DESCRIPTION OF THE RELATED ART 

Wireless telecommunication networks utilize various dif 
ferent systems including Global System for Mobile Commu 
nications (GSM), Universal Mobile Telecommunications 
System (UMTS), and Long Term Evolution (LTE) systems 
among others that operate in various different frequency 
bands. 

Portable electronic devices that operate in such wireless 
telecommunication networks, such as mobile telephones and 
Smartphones, tablet computers, cellular-connected laptop 
computers, and similar devices are ever increasing in popu 
larity. In a typical wireless telecommunication network, these 
devices, also known as terminals, mobile stations, and/or user 
equipment (UE), communicate via a radio access network 
(RAN) to one or more core networks. 

FIG. 1 illustrates an exemplary radio access network 
(RAN) 10 that includes terminals 12a-e and base stations 
16a-b. The network 10 also includes the core network 19, 
which is the part of the wireless telecommunication network 
that provides the various services to customers who are con 
nected to the network 10. 
The terminals 12a, 12c, and 12e communicate via base 

station 16a with the core network 19, while the terminals 12b 
and 12d communicate with the core network 19 via base 
station 16b. 

Conventionally, a first terminal Such as terminal 12a in a 
public wireless telecommunication network Such as network 
10 communicates with a second terminal such as terminal 12b 
by the terminal 12a connecting to the core network 19 via a 
respective base station Such as base station 16a. From the core 
network 19 the communication path proceeds via another 
base station such as base station 16b to the second terminal 
12b. Therefore, in order for the first terminal 12a to commu 
nicate with the second terminal 12b using the network's radio 
resources (e.g., allocated frequency spectrum) the communi 
cation signals from the terminals 12a and 12b are routed 
through at least one base station. Thus, conventionally com 
munication between the terminals 12a and 12b uses substan 
tial network infrastructure resources even where the terminals 
are physically close to each other. 

SUMMARY 

The concept of the systems and methods disclosed herein 
includes the addition of terminal-to-terminal communication 
to 3GPP technologies such as WCDMA and LTE. 

To allow terminals to communicate directly between each 
other without the link being routed through a base station 
leads however to at least one issue regarding the allocated 
spectrum and its usage. 
When terminals communicate through base stations, these 

spectrum resources are shared either in a time slot manner via 
time division duplexing (TDD) or a frequency division prin 
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2 
ciple via frequency division duplexing (FDD) so that termi 
nals have the possibility of transmitting data at certain 
resources or slots (i.e., time or frequency slots) while the base 
stations transmit data using other resources or slots. Alloca 
tions of resources or slots are controlled by the network and 
signaled to terminals via the base stations. 

However, with terminal-to-terminal direct communica 
tion, resource allocation may be performed in various differ 
ent ways. 
One possibility would be to dedicate static resources that 

terminals may use for terminal-to-terminal direct communi 
cation. The static resources would be independent of any 
resources to be used by the base stations. With such a solution 
terminals may communicate using a 3GPP technology Such 
as LTE or WCDMA without involving any network nodes or 
immediate operator control. 

Another possibility as disclosed herein is for the operator's 
network infrastructure to control resources for terminal-to 
terminal direct communication within 3GPP access systems. 

Implementation of the concepts disclosed herein may 
require incorporation of such network controlled terminal-to 
terminal direct communication into the 3GPP specifications 
including those specifying, for example, radio resource con 
trol specifications and physical layer specifications. 

In one aspect of the invention, a terminal configured to 
operate in a mobile telecommunication network includes a 
receiver configured to receive from a network entity other 
than another terminal a direct communication initiation sig 
nal including resource allocation information forestablishing 
terminal-to-terminal direct communication between the ter 
minal and a second terminal using a radio access technology 
(RAT) in which the terminal is configured to communicate 
when communicating with the second terminal through one 
or more base stations or (e)NB. The terminal further includes 
a terminal-end terminal-to-terminal direct communication 
logic configured to establish terminal-to-terminal direct com 
munication with the second terminal based on the resource 
allocation information provided by the network entity other 
than a terminal. 

In one embodiment, the terminal-end terminal-to-terminal 
direct communication logic is configured to encode a direct 
communication connection request signal indicating that the 
terminal requests terminal-to-terminal direct communication 
with the second terminal, and the terminal further includes a 
transmitter configured to transmit to the network entity other 
than a terminal the direct communication connection request 
signal, and the receiver is configured to receive from the 
network entity other than a terminal, in response to the direct 
communication connection request signal, a direct commu 
nication connection accept signal indicating that the network 
entity other than a terminal accepts the direct communication 
connection request and will attempt to enable direct commu 
nication between the terminal and the second terminal. 

In another embodiment, the terminal includes a proximity 
detection logic configured to detect proximity between the 
terminal and the second terminal, and wherein the terminal 
end terminal-to-terminal direct communication logic is con 
figured to encode the direct communication connection 
request signal based on the proximity detection logic detect 
ing a predetermined proximity between the terminal and the 
second terminal. 

In yet another embodiment, where prior to the receiver 
receiving from the network entity other than a terminal the 
direct communication initiation signal the terminal had estab 
lished communication with the second terminal through one 
or more (e)NB, the receiving from the network entity other 
than a terminal the direct communication initiation signal is 
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part of a handover process handing over communication 
between the terminal and the second terminal from commu 
nication through one or more base stations or (e)NB to ter 
minal-to-terminal direct communication. 

In one embodiment, the terminal-end terminal-to-terminal 
direct communication logic is configured to encode a direct 
communication disconnection request signal indicating that 
the terminal requests disconnection of the established termi 
nal-to-terminal direct communication between the terminal 
and the second terminal, the transmitteris configured to trans 
mit the direct communication disconnection request signal to 
the network entity other than a terminal, and the receiver is 
configured to receive from the network entity other than a 
terminal, in response to the direct communication disconnec 
tion request signal, a direct communication disconnection 
signal indicating that the established terminal-to-terminal 
direct communication between the terminal and the second 
terminal is to be disconnected. 

In another embodiment, the receiving from the network 
entity other than a terminal the direct communication discon 
nection signal is part of a handover process handing over 
communication between the terminal and the second terminal 
from terminal-to-terminal direct communication to commu 
nication through one or more base stations or (e)NB. 

In yet another embodiment, the receiver is configured to, 
prior to receiving from the network entity other than a termi 
nal the direct communication initiation signal, receive a direct 
communication setup request signal from the network entity 
other than a terminal indicating that the second terminal 
requested terminal-to-terminal direct communication with 
the terminal, the terminal-end terminal-to-terminal direct 
communication logic is configured to encode a direct com 
munication setup confirmation signal confirming receipt of 
the direct communication setup request signal, and the trans 
mitter is configured to transmit the direct communication 
setup confirmation signal to the network entity other than a 
terminal. 

In one embodiment, the receiver is configured to receive 
from the network entity other than a terminal a direct com 
munication disconnection signal indicating that the estab 
lished terminal-to-terminal direct communication between 
the terminal and the second terminal is to be disconnected. 

In another aspect of the invention, a network entity other 
than a terminal configured to operate in a mobile telecommu 
nication network includes a network-end terminal-to-termi 
nal direct communication logic configured to encode direct 
communication initiation signals including resource alloca 
tion information for establishing terminal-to-terminal direct 
communication between a first terminal and a second termi 
nal using a radio access technology (RAT) in which the first 
terminal and the second terminal are configured to commu 
nicate when communicating through one or more base sta 
tions or (e)NB. The network entity further includes a trans 
mitter configured to transmit respective direct 
communication initiation signals to the first terminal and the 
second terminal. 

In one embodiment, the network entity includes a receiver 
configured to, prior to the network-end terminal-to-terminal 
direct communication logic encoding the direct communica 
tion initiation signals, receive a direct communication con 
nection request signal from the first terminal indicating that 
the first terminal requests terminal-to-terminal direct commu 
nication with the second terminal. In response to the direct 
communication connection request signal, the network-end 
terminal-to-terminal direct communication logic encodes a 
direct communication connection accept signal indicating to 
the first terminal that the network entity other than a terminal 
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4 
accepts the direct communication connection request and will 
attempt to enable direct communication between the first 
terminal and the second terminal and a direct communication 
setup request signal indicating to the second terminal that the 
first terminal requested terminal-to-terminal direct commu 
nication with the second terminal and that the network entity 
other than a terminal accepted the direct communication con 
nection request and will attempt to enable direct communi 
cation between the first terminal and the second terminal. The 
transmitter is configured to transmit the direct communica 
tion connection accept signal to the first terminal and the 
direct communication setup request signal to the second ter 
minal. 

In another embodiment, the receiver is configured to 
receive from the second terminal a direct communication 
setup confirmation signal confirming receipt of the direct 
communication setup request signal. 

In yet another embodiment, the network entity includes a 
proximity detection logic configured to, prior to the network 
end terminal-to-terminal direct communication logic encod 
ing the direct communication initiation signals, detect proX 
imity between the first terminal and the second terminal. The 
network-end terminal-to-terminal direct communication 
logic is configured to encode the direct communication ini 
tiation signals based on the proximity detection logic detect 
ing a predetermined proximity between the first terminal and 
the second terminal. 

In one embodiment, communication had been established 
between the first terminal and the second terminal through 
one or more base stations or (e)NB prior to the transmitter 
transmitting the direct communication initiation signals. In 
this embodiment, the transmitter transmitting the direct com 
munication initiation signals is part of a handover process 
handing over communication between the first terminal and 
the second terminal from communication through one or 
more (e)NB to terminal-to-terminal direct communication 
between the first terminal and the second terminal. 

In another embodiment, the receiver is configured to 
receive a direct communication disconnection request signal 
from the first terminal or the second terminal indicating that 
the respective terminal requests disconnection of the estab 
lished terminal-to-terminal direct communication between 
the first terminal and the second terminal, the network-end 
terminal-to-terminal direct communication logic is config 
ured to, in response to the direct communication disconnec 
tion request signal, encode respective direct communication 
disconnection signals to be transmitted to the first terminal 
and the second terminal indicating that the established termi 
nal-to-terminal direct communication between the first ter 
minal and the second terminal is to be disconnected, and the 
transmitter is configured to transmit the direct communica 
tion disconnection signals to respective ones of the first ter 
minal and the second terminal. 

In yet another embodiment, the transmitter transmitting to 
the first terminal and to the second terminal the respective 
direct communication disconnection signals is part of a han 
dover process handing over communication between the first 
terminal and the second terminal from terminal-to-terminal 
direct communication to communication through one or more 
base stations or (e)NB. 

In yet another aspect of the invention, a method for net 
work-controlled terminal-to-terminal direct communication 
in a mobile telecommunication network includes, at a first 
terminal, receiving from a network entity other than a termi 
nal a direct communication initiation signal including 
resource allocation information for establishing terminal-to 
terminal direct communication between the first terminal and 
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a second terminal using a radio access technology (RAT) in 
which the first terminal is configured to communicate with 
the second terminal when communicating through one or 
more base stations or (e)NB, and establishing terminal-to 
terminal direct communication with the second terminal 
based on the resource allocation information provided by the 
network entity other than a terminal. 

In one embodiment, the method includes transmitting a 
direct communication connection request signal from the first 
terminal to the network entity other than a terminal indicating 
that the first terminal requests terminal-to-terminal direct 
communication with the second terminal, and receiving, in 
response to the direct communication connection request sig 
nal, a direct communication connection accept signal from 
the network entity other than a terminal indicating that the 
network entity other than a terminal accepts the direct com 
munication connection request and will attempt to enable 
direct communication between the first terminal and the sec 
ond terminal. 

In another embodiment, the method includes, prior to 
receiving from the network entity other than a terminal the 
direct communication initiation signal, detecting proximity 
between the first terminal and the second terminal. 

In yet another embodiment, prior to the receiving from the 
network entity other than a terminal the direct communica 
tion initiation signal, the first terminal had established com 
munication with the second terminal through one or more 
base stations or (e)NB, and the receiving from the network 
entity other than a terminal the direct communication initia 
tion signal is part of a handover process handing over com 
munication between the first terminal and the second terminal 
from communication through one or more (e)NB to terminal 
to-terminal direct communication. 

In one embodiment, the method includes transmitting a 
direct communication disconnection request signal indicat 
ing that the first terminal requests disconnection of the estab 
lished terminal-to-terminal direct communication between 
the first terminal and the second terminal, and receiving from 
a network entity other than a terminal, in response to the direct 
communication disconnection request signal, a direct com 
munication disconnection signal indicating that the estab 
lished terminal-to-terminal direct communication between 
the first terminal and the second terminal is to be discon 
nected. 

In another embodiment, the receiving from the network 
entity other than a terminal the direct communication discon 
nection signal is part of a handover process handing over 
communication between the first terminal and the second 
terminal from terminal-to-terminal direct communication to 
communication through one or more base stations or (e)NB. 

In yet another embodiment, the method includes, prior to 
receiving from the network entity other than a terminal the 
direct communication initiation signal, receiving a direct 
communication setup request signal from the network entity 
other than a terminal indicating that the second terminal 
requested terminal-to-terminal direct communication with 
the first terminal, and transmitting to the network entity other 
than a terminal a direct communication setup confirmation 
signal confirming receipt of the direct communication setup 
request signal. 

In one embodiment, the method includes receiving from 
the network entity other than a terminal a direct communica 
tion disconnection signal indicating that the established ter 
minal-to-terminal direct communication between the first ter 
minal and the second terminal is to be disconnected. 

In another aspect of the invention, a method for network 
controlled terminal-to-terminal direct communication in a 
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6 
mobile telecommunication network includes, at a network 
entity other than a terminal, transmitting to a first terminal and 
to a second terminal respective direct communication initia 
tion signals including resource allocation information for 
establishing terminal-to-terminal direct communication 
between the first terminal and the second terminal using a 
radio access technology (RAT) in which the first terminal and 
the second terminal are configured to communicate when 
communicating through one or more base stations or (e)NB. 

In one embodiment, the method includes, prior to trans 
mitting the direct communication initiation signals, receiving 
a direct communication connection request signal from the 
first terminal indicating that the first terminal requests termi 
nal-to-terminal direct communication with the second termi 
nal, and, in response to the direct communication connection 
request signal, transmitting to the first terminal a direct com 
munication connection accept signal indicating that the net 
work entity other than a terminal accepts the direct commu 
nication connection request and will attempt to enable direct 
communication between the first terminal and the second 
terminal and transmitting to the second terminal a direct 
communication setup request signal indicating that the first 
terminal requested terminal-to-terminal direct communica 
tion with the second terminal. 

In another embodiment, the method includes receiving 
from the second terminal a direct communication setup con 
firmation signal confirming receipt of the direct communica 
tion setup request signal. 

In yet another embodiment, the method includes, prior to 
transmitting to the first terminal and to the second terminal the 
respective direct communication initiation signals, detecting 
proximity between the first terminal and the second terminal. 

In one embodiment, prior to the transmitting the direct 
communication initiation signals communication had been 
established between the first terminal and the second terminal 
through one or more base stations or (e)NB, and the transmit 
ting the direct communication initiation signals is part of a 
handover process handing over communication between the 
first terminal and the second terminal from communication 
through one or more base stations or (e)NB to terminal-to 
terminal direct communication between the first terminal and 
the second terminal. 

In another embodiment, the method includes receiving a 
direct communication disconnection request signal from the 
first terminal or the second terminal indicating that the 
respective terminal requests disconnection of the established 
terminal-to-terminal direct communication between the first 
terminal and the second terminal, and, in response to the 
direct communication disconnection request signal, transmit 
ting to the first terminal and to the second terminal respective 
direct communication disconnection signals indicating that 
the established terminal-to-terminal direct communication 
between the first terminal and the second terminal is to be 
disconnected. 

In yet another embodiment, the transmitting to the first 
terminal and to the second terminal the respective direct com 
munication disconnection signals is part of a handover pro 
cess handing over communication between the first terminal 
and the second terminal from terminal-to-terminal direct 
communication to communication through one or more base 
stations or (e)NB. 

These and further features of the present invention will be 
apparent with reference to the following description and 
attached drawings. In the description and drawings, particular 
embodiments of the invention have been disclosed in detail as 
being indicative of some of the ways in which the principles 
of the invention may be employed, but it is understood that the 
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invention is not limited correspondingly in scope. Rather, the 
invention includes all changes, modifications and equivalents 
coming within the spirit and terms of the claims appended 
hereto. 

Features that are described and/or illustrated with respect 
to one embodiment may be used in the same way or in a 
similar way in one or more other embodiments and/or in 
combination with or instead of the features of the other 
embodiments. 

It should be emphasized that the terms “comprises” and 
“comprising, when used in this specification, are taken to 
specify the presence of stated features, integers, steps or 
components but do not preclude the presence or addition of 
one or more other features, integers, steps, components or 
groups thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary prior art radio access net 
work (RAN). 

FIG. 2 illustrates an exemplary radio access network 
(RAN) for network controlled terminal-to-terminal direct 
communication. 

FIG.3 illustrates an exemplary signaling chart for network 
controlled terminal-to-terminal direct communication. 

FIG. 4 illustrates an exemplary signaling chart for network 
controlled terminal-to-terminal direct communication han 
dovers. 

FIG. 5 illustrates a schematic diagram of a portion of the 
network of FIG. 2 including exemplary block diagrams of a 
terminal and a terminal-to-terminal service node. 

FIG. 6 illustrates a flow chart of an exemplary method for 
the terminal end of network-controlled terminal-to-terminal 
direct communication in a mobile telecommunication net 
work. 

FIG. 7 illustrates a flow chart of an exemplary method for 
the network end of network-controlled terminal-to-terminal 
direct communication in a mobile telecommunication net 
work. 

FIG. 8 illustrates a detailed block diagram of an exemplary 
terminal. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention will now be 
described with reference to the drawings, wherein like refer 
ence numerals are used to refer to like elements throughout. It 
will be understood that the figures are not necessarily to scale. 

FIG. 2 illustrates an exemplary radio access network 
(RAN) 20. In LTE the RAN is referred to as an Evolved 
Universal Terrestrial Radio Access Network (EUTRAN) 
while in UMTS the RAN is referred to as a Universal Terres 
trial Radio Access Network (UTRAN). 

The network 20 includes and provides service to terminals 
12a-e. The terminals 12a-e are what in UMTS parlance is 
referred to as mobile stations (MS) or user equipment (UE), 
or what in LTE is referred to as user equipment (UE). In 
wireless telecommunications networks other than UMTS and 
LTE, including networks that are currently deployed as well 
as networks that are currently in development or that will be 
developed in the future, the terminals may be referred to by 
terms other than terminals, mobile stations, or user equip 
ment. However, the term terminals as employed herein is 
intended to include those terminals in wireless telecommuni 
cations networks such as UMTS and LTE as well as networks 
other than UMTS and LTE, and terminals in yet to be devel 
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8 
oped or deployed networks where the terminals have similar 
functionality as the terminals described herein in the context 
of UMTS and LTE. 
The network 20 further includes base stations 16a-b. A 

RAN such as network 20 covers a geographical area which is 
divided into cell areas with each cell area being served by a 
base station. The base station communicates over the air 
interface with the terminals within range of the base station. 
In UMTS the base stations 16a-bare known as NodeB (NB) 
and in LTE the base stations 16a-b are known as eNodeB 
(evolved NodeB or eNB). In wireless telecommunications 
networks other than UMTS and LTE, including networks that 
are currently deployed as well as networks that are currently 
in development or that will be developed in the future, the 
base stations may be referred to by terms other than base 
stations, NodeB, or eNodeB. However, the terms base station 
and (e)NB as employed herein are intended to include those 
base stations in wireless telecommunications networks Such 
as UMTS and LTE as well as networks other than UMTS and 
LTE, and base stations in yet to be developed or deployed 
networks where the base stations have similar functionality as 
the base stations described herein in the context of UMTS and 
LTE. 
The base stations 16a-b of the network 20 communicate 

with the terminals 12a-e using radio access technologies 
(RAT) including, for example, Wideband Code Division Mul 
tiple Access (WCDMA) via an air interface known as the Uu 
interface or UMTS air interface. The RAT used in LTE is 
known as LTE and the air interface is known as LTE-Uu. 

Although the network 20 has been described as discreetly 
UMTS or LTE, respectively, in practice, base stations may be 
multi radio units, capable of transmitting in several different 
RAT. Moreover, different cells in the same base station may 
often use more than one frequency band. Due to the reuse of 
infrastructure at cellular sites, as well as backhaul capabili 
ties, a single base station may be using more than one RAT 
and may be transmitting at more than one carrier frequency. 
The network 20 also includes the core network 19, which, 

again, is the part of the wireless telecommunication network 
that provides the various services to customers who are con 
nected to the network 20. Although in the example of FIG. 2 
the base stations 16a-b are illustrated as connecting directly 
to the core network 19 as they may be in LTE, in other radio 
access technologies (RAT) such as UMTS (WCDMA) the 
base stations 16a-b may connect to the core network 19 via 
radio network controllers (RNC). 
The terminals 12a, 12c, and 12e may communicate via 

base station 16a with the core network 19, while the terminals 
12b and 12d may communicate with the core network 19 via 
base station 16b. 
The network 20 further includes a terminal-to-terminal 

service node 22, which manages or controls terminal-to-ter 
minal direct communication. 

In the situation illustrated in FIG. 2, the terminal 12a is in 
relatively close physical proximity to the terminal 12b. The 
terminals 12a and 12b may be informed about other terminals 
within their proximity. Therefore, terminal 12a may learn 
about terminal 12b being proximate and vice versa. Terminals 
in Such a proximate situation that wish to connect to each 
other using terminal-to-terminal communication may trans 
mit a terminal-to-terminal connection request to its serving 
base station or other entities in the network may transmit the 
connection request. 

FIG.3 illustrates an exemplary signaling chart for network 
controlled terminal-to-terminal direct communication. 

In the illustration of FIG.3, terminal 12a detects proximity 
of the terminal 12b. Terminal 12a transmits a terminal-to 
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terminal connection request to base station 16a requesting 
terminal-to-terminal communication with terminal 12b. Base 
station 16a forwards the request within the core network 19 to 
the terminal-to-terminal service node 22. 

The terminal-to-terminal service node 22 receives the 
request and decides whether the terminals 12a and 12b will be 
allowed to connect directly and the network resources that the 
terminals would employ for Such a direct connection. 

The service node 22 or the terminals 12 or another entity in 
the network may keep a database correlating terminals that 
are preapproved to connect directly to each other, and the 
service node 22 may base its decision as to whether to allow 
the direct connection based on this information. For example, 
a user of terminal 12a may have created a list of terminals or 
users whose terminals are allowed to connect directly to the 
terminal 12b. In another example, the network operator may 
keep a register (e.g., via a website) correlating terminals that 
are allowed to connect directly to each other. In yet another 
example, terminal 12a simply dialing a telephone number 
associated with the terminal 12b may allow direct connection 
between the terminals as long as the terminals are proximate 
to each other and network resources (e.g., frequency spec 
trum bandwidth) are available. 

If the service node 22 allows the connection, it transmits a 
terminal-to-terminal connection accept message via base sta 
tion 16a to terminal 12a, which requested the connection. The 
service node 22 also transmits a regular connection setup 
request message to terminal 12b (and possibly additional 
terminals) within the core network 19 via the base station 16b. 
The base station 16b may transmit the connection setup mes 
sage to the terminal 12b via a packet system (PS) or evolved 
packet system (EPS) paging message. 

If the service node 22 does not accept the request from 
terminal 12a (not shown) the service node 22 instead trans 
mits a terminal-to-terminal connection reject message to ter 
minal 12a via base station 16a. 

In the case where the service node 22 allows the connection 
and transmits the connection setup message to terminal 12b, 
the terminal 12b responds to the connection setup message 
with a connection setup confirmation to be transmitted to the 
service node 22. If the terminal 16b was not previously con 
nected to the base station 16b, the terminal 16b initiates a 
connection with the base station 16b. 
The service node 22 transmits terminal-to-terminal service 

initiation signals to the terminals 12a and 12b via base sta 
tions 16a and 16b, respectively, including resource allocation 
information to establish the terminal-to-terminal direct com 
munication. The terminals 12a and 12b may then establish the 
terminal-to-terminal direct communication based on the 
resource allocation information. The terminals 12a-b com 
municate directly using a RAT (e.g., LTE, WCDMA, etc.), as 
allocated by the service node 22, in which the terminals 12a-b 
are capable of communicating when the terminals 12a-b 
communicate through the base stations 16a and 16b, respec 
tively. 

Although in FIGS. 2 and 3, the terminals 12a and 12b are 
illustrated as connected to different serving base stations 16a 
and 16b, respectively, the terminals 12a and 12b may be 
connected to the same base station. Hence the serving base 
station for the terminals about to establish terminal-to-termi 
nal direct communication may be the same or different base 
stations. 

Moreover, the terminals 12a and 12b are not required to be 
connected to the same RAT prior to establishing terminal-to 
terminal direct communication. For example, prior to estab 
lishing terminal-to-terminal direct communication, the termi 
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10 
nal 12a may be camping in an LTE cell, while the terminal 
12b may be camping in a WCDMA cell. 
The service node 22 determines the physical link to be 

setup as the terminal-to-terminal direct communication link 
between terminals 12a and 12b and transmits this information 
to the terminals 12a and 12b via the resource allocation infor 
mation. 
The service node 22 determines the physical link to be 

setup as the terminal-to-terminal direct communication link 
based on parameters such as terminal capabilities, available 
frequency spectrum resources, etc. At any time in the life of a 
terminal-to-terminal direct communication link, the service 
node 22 may transmit updated resource allocation informa 
tion to the terminals 12a and 12b informing the terminals 
about changes to the allocated resources. The terminals 
would then update their direct communication based on the 
updated resource allocation information. 

FIGS. 2 and 3 illustrate only one service node 22. However, 
a network may include several service nodes, each handling 
different parts of the complete network. Moreover, although 
the terminal-to-terminal service node 22 is illustrated as a 
separate physical entity from the base stations 16a-b and the 
core network 19, the service node 22 may be incorporated 
within other entities within an operator network, e.g., within 
a so-called serving gateway in LTE evolved packet core net 
work, within a base station, and so on, and thus the service 
node 22 may be part of another network entity. 

FIG. 3 further illustrates disconnection of the terminal-to 
terminal direct communication. Disconnection could be 
requested by any terminal independent of which terminal 
initiated the direct communication. In the illustration of FIG. 
3, terminal 12a requests disconnection by transmitting a dis 
connection request signal. In response, the service node 22 
transmits a disconnection message to both terminals 12a and 
12b. If more terminals than two are directly connected to 
terminal 16a, these terminals are informed in the same man 

. 

With this general protocol and functionality for terminal 
to-terminal direct communication, two or more terminals 
within physical proximity of each other may connect using 
radio frequency resources fully controlled and dynamically 
changeable by the operator network. 
The protocols and functionalities described herein may be 

included into 3GPP specifications for WCDMA and LTE 
systems. At least Some of these protocols and functionalities 
may be included into radio resource control (RRC) signaling, 
described in 25.331 and 36.331 specifications for WCDMA 
and LTE respectively. 

FIG. 4 illustrates an exemplary signaling chart for network 
controlled terminal-to-terminal direct communication han 
dovers. 
The terminals 12a and 12b may be connected to each other 

via the base stations 16a and 16b as described above in 
reference to FIG.1. The terminal 12a communicates viabase 
station 16a with the core network 19, while the terminal 12b 
communicates with the core network 19 viabase station 16b. 
As the terminals 12a and 12b become physically closer to 
each other (e.g., because either or both of the terminals 12a 
and 12b are moving) as illustrated in FIG. 2, the terminals 12a 
and 12b become physically close enough to each other that 
terminal-to-terminal direction communication between the 
terminals 12a and 12b is feasible. Based on the proximity 
detection, the system makes a determination that communi 
cation betweentheterminals 12a and 12b is to be handed over 
from communication via the base stations 16a and 16b to 
terminal-to-terminal direct communication. 
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In the illustrated embodiment of FIG. 4, the service node 
22, aware of the proximity of terminal 12a to terminal 12b, 
transmits handover requests to base stations 16a and 16b 
requesting handover to terminal-to-terminal communication 
between the terminals 12a and 12b. The base stations 16a and 
16b accepts the request. 

In one embodiment (not shown), instead of the service 
node 22, one or both of terminals 12a and 12b, aware of the 
proximity of the terminals, transmit handover requests to base 
stations 16a and 16b, respectively, requesting handover to 
terminal-to-terminal communication between the terminals 
12a and 12b. 
The service node 22 then transmits connection setup 

request messages to terminal 12a and 12b within the core 
network 19 via the base stations 16a and 16b, respectively. 
The base stations 16a and 16b may transmit the connection 
setup messages via a packet system (PS) or evolved packet 
system (EPS) paging messages. The terminals 12a and 12b 
respond to the connection setup messages with connection 
setup confirmations. 
The service node 22 then transmits terminal-to-terminal 

service initiation signals to the terminals 12a and 12b viabase 
stations 16a and 16b, respectively, including resource alloca 
tion information to establish to terminal-to-terminal direct 
communication. The terminals 12a and 12b may then estab 
lish the terminal-to-terminal direct communication based on 
the resource allocation information, completing the han 
dover. 

FIG. 4 further illustrates handover from terminal-to-termi 
nal direct communication to communication via base sta 
tions. For example, as the terminals 12a and 12b become 
physically distant from each other (e.g., because either or 
both of the terminals 12a and 12b are moving), the terminals 
12a and 12b become physically distant enough from each 
other that terminal-to-terminal direct communication 
between the terminals 12a and 12b is no longer feasible. 
Based on proximity detection, the system makes a determi 
nation that communication between the terminals 12a and 
12b is to be handed over from terminal-to-terminal direct 
communication to communication via the base stations 16a 
and 16b. 

In the illustrated embodiment, the service node 22, aware 
of the proximity of terminal 12a to terminal 12b, transmits 
handover requests to base stations 16a and 16b requesting 
handover to communication via the base stations 16a and 16b 
for the terminals 12a and 12b. The base stations 16a and 16b 
acknowledge the request. 

In one embodiment (not shown), instead of the service 
node 22, one or both of terminals 12a and 12b, aware of the 
proximity of the terminals, transmit handover requests to base 
stations 16a and 16b, respectively, requesting handover to 
communication via the base stations 16a and 16b between the 
terminals 12a and 12b. 

The base stations 16a and 16b then transmit regular con 
nection setup request messages to terminal 12a and 12b, 
respectively. The terminals 12a and 12b may respond to the 
connection setup messages with connection setup confirma 
tions to their respective base station 16a and 16b and com 
munication via base stations 16a and 16b may be established. 

FIG. 5 illustrates a schematic diagram of a portion of the 
network 20 including exemplary block diagrams of a terminal 
12 and a terminal-to-terminal service node 22. 
The terminal 12 includes a proximity detection logic 122 

that detects proximity between the terminal 12 and another 
terminal. The proximity detection logic may include a near 
field communication (NFC) device, physical contact detec 
tion, a Bluetooth device, a GPS device, a tethered connection 
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12 
between the terminal 12 and the second terminal or any other 
proximity detection methodology. In one embodiment, the 
proximity detection logic 122 resides in a network entity 
other than the terminal 12 (e.g., the other terminal, a base 
station, core network, etc.). 
The terminal 12 further includes a terminal-end terminal 

to-terminal direct communication logic 124 that, based on the 
proximity detection logic 122 detecting a predetermined 
proximity between the terminal 12 and the other terminal, 
encodes a terminal-to-terminal direct communication con 
nection request signal indicating that the terminal 12 requests 
terminal-to-terminal direct communication with the otherter 
minal. 
The terminal 12 also includes a transmitter 126 that trans 

mits the direct communication connection request signal to 
the service node 22. 
The terminal 12 also includes a receiver 128 that receives 

from the service node 22, in response to the direct communi 
cation connection request signal, a direct communication 
connection accept signal indicating the direct communication 
connection request was received and that the service node 22 
will attempt to enable direct communication between the 
terminal 12 and the other terminal. 

In the case where the other terminal and not the terminal 12 
is the requester of terminal-to-terminal direct communica 
tion, the receiver 128 receives a direct communication setup 
request signal from the service node 22 indicating that the 
other terminal requested terminal-to-terminal direct commu 
nication with the terminal 12. In this case, the terminal-end 
terminal-to-terminal direct communication logic 124 
encodes a direct communication setup confirmation signal 
confirming receipt of the direct communication setup request 
signal, and the transmitter 126 transmits the direct commu 
nication setup confirmation signal to the service node 22. 
The receiver 128 further receives from the terminal-to 

terminal service node 22 a direct communication initiation 
signal that includes resource allocation information for estab 
lishing terminal-to-terminal direct communication between 
the terminal 12 and the other terminal. 
The terminal-end terminal-to-terminal direct communica 

tion logic 124 establishes terminal-to-terminal direct commu 
nication with the second terminal based on the resource allo 
cation information. 

In one embodiment, the terminal 12 may have established 
communication with the other terminal through one or more 
base stations or (e)NB prior to the receiver 128 receiving from 
the service node 22 the direct communication initiation sig 
nal. In this embodiment, the receiver 128 receiving from the 
service node 22 the direct communication initiation signal is 
part of a handover process handing over communication 
between the terminal 12 and the other terminal from commu 
nication through one or more base stations or (e)NB to ter 
minal-to-terminal direct communication. 

In one embodiment, the terminal-end terminal-to-terminal 
direct communication logic 124 encodes a direct communi 
cation disconnection request signal indicating that the termi 
nal 12 requests disconnection of the terminal-to-terminal 
direct communication between the terminal 12 and the other 
terminal. The transmitter 126 transmits the direct communi 
cation disconnection request signal to the service node 22. 
The receiver 128 receives from the service node 22, in 
response to the direct communication disconnection request 
signal, a direct communication disconnection signal indicat 
ing that the terminal-to-terminal direct communication 
between the terminal and the second terminal is to be discon 
nected. 
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In one embodiment, the receiver 128 receiving from the 
service node 22 the direct communication disconnection sig 
nal is part of a handover process handing over communication 
between the terminal 12 and the other terminal from terminal 
to-terminal direct communication to communication through 
one or more base stations or (e)NB. 
The terminal 12 further includes a terminal controller 129 

operatively connected to the proximity detection logic 122, 
the terminal-end terminal-to-terminal direct communication 
logic 124, the transmitter 126, and the receiver 128 to thereby 
control the terminal 12. 
The terminal-to-terminal service node 22 includes a 

receiver 222 that receives the direct communication connec 
tion request signal from the terminal 12 indicating that the 
terminal 12 requests terminal-to-terminal direct communica 
tion with the other terminal. 

The service node 22 further includes a network-end termi 
nal-to-terminal direct communication logic 224 that, in 
response to the direct communication connection request sig 
nal, encodes (a) the direct communication connection accept 
signal indicating to the terminal 12 that the service node 12 
accepts the direct communication connection request and will 
attempt to enable direct communication between the terminal 
12 and the other terminal, and (b) the direct communication 
setup request signal indicating to the other terminal that the 
terminal 12 requested terminal-to-terminal direct communi 
cation and that the service node 22 accepted the direct com 
munication connection request and will attempt to enable 
direct communication between the terminal 12 and the other 
terminal. 

The service node 22 further includes a transmitter 226 that 
transmits the direct communication connection accept signal 
to the terminal 12 and the direct communication setup request 
signal to the other terminal. 

In one embodiment, the receiver 222 also receives a direct 
communication setup confirmation signal confirming receipt 
of the direct communication setup request signal by the other 
terminal. 

The network-end terminal-to-terminal direct communica 
tion logic 224 encodes direct communication initiation sig 
nals including resource allocation information for establish 
ing terminal-to-terminal direct communication between the 
terminal 12 and the other terminal, and the transmitter 226 
transmits the direct communication initiation signals to the 
terminal 12 and to the other terminal. 

In one embodiment, the service node 22 includes a proX 
imity detection logic 228 similar to the proximity detection 
logic 122 described above. In this embodiment, prior to the 
network-end terminal-to-terminal direct communication 
logic 224 encoding the direct communication initiation sig 
nals, the proximity detection logic 228 detects proximity 
between the terminal 12 and the other terminal, and the net 
work-end terminal-to-terminal direct communication logic 
224 encodes the direct communication initiation signals 
based on the proximity detection logic detecting a predeter 
mined proximity between the terminal 12 and the other ter 
minal. In this embodiment, the proximity detection logic 228 
of the service node 22 detects proximity between the terminal 
12 and the other terminal instead of or in addition to the 
proximity detection logic 122 of the terminal 12. 

In one embodiment, the terminal 12 and the other terminal 
may have established communication through one or more 
base stations or (e)NB prior to the transmitter 226 transmit 
ting the direct communication initiation signals. In this 
embodiment, the transmitter 226 transmitting the direct com 
munication initiation signals is part of a handover process 
handing over communication between the terminal 12 and the 
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other terminal from communication through one or more base 
stations or (e)NB to terminal-to-terminal direct communica 
tion. 

In one embodiment, the receiver 222 receives a direct com 
munication disconnection request signal from the terminal 12 
or from the other terminal indicating that the respective ter 
minal requests disconnection of the established terminal-to 
terminal direct communication between the terminal 12 and 
the other terminal. In response to the direct communication 
disconnection request signal, the network-end terminal-to 
terminal direct communication logic 224 encodes respective 
direct communication disconnection signals to be transmitted 
to the terminal 12 and to the other terminal indicating that the 
established terminal-to-terminal direct communication 
between the terminal 12 and the other terminal is to be dis 
connected. The transmitter 226 transmits the direct commu 
nication disconnection signals to the terminal 12 and the other 
terminal. 

In one embodiment, the transmitter 226 transmitting to the 
terminal 12 and to the other terminal the direct communica 
tion disconnection signals is part of a handover process hand 
ing over communication between the terminal 12 and the 
other terminal from terminal-to-terminal direct communica 
tion to communication through one or more base stations or 
(e)NB. 
The terminal-to-terminal service node 22 further includes a 

terminal controller 229 operatively connected to the proxim 
ity detection logic 228, the network-end terminal-to-terminal 
direct communication logic 224, the transmitter 226, and the 
receiver 222 to thereby control the service node 22. 
The terminal-to-terminal service node 22 may be a discrete 

entity in the network or it may be incorporated within a 
terminal or within other entities other than a terminal within 
the network, e.g., within a so-called serving gateway in LTE 
evolved packet core network, within a base station, and so on. 
The network 20 may include multiple terminal-to-terminal 
service nodes. 

In accordance with the above features, FIGS. 6 and 7 show 
flowcharts that illustrate logical operations to implement 
exemplary methods for network-controlled terminal-to-ter 
minal direct communication in a mobile telecommunication 
network. The exemplary methods may be carried out by 
executing embodiments of the base stations, terminals, Ser 
Vice nodes, mobile telephones, flash devices or machine 
readable storage media disclosed herein, for example. Thus, 
the flowcharts of FIGS. 6 and 7 may be thought of as depicting 
steps of a method carried out in the above-disclosed systems 
or devices by operation of hardware, software, or combina 
tions thereof. Although FIGS. 6 and 7 show a specific order of 
executing functional logic blocks, the order of executing the 
blocks may be changed relative to the order shown. Also, two 
or more blocks shown in Succession may be executed concur 
rently or with partial concurrence. Certain blocks also may be 
omitted. 

In reference to FIG. 6, logical flow of a method 60 for 
network-controlled terminal-to-terminal direct communica 
tion in a mobile telecommunication network includes at 61. 
detecting proximity between two terminals, a first terminal 
and a second terminal. At 62, if a predetermined proximity 
between the first terminal and the second terminal is not 
detected, return to 61, detecting proximity between the two 
terminals. If a predetermined proximity between the first 
terminal and the second terminal is detected, at 63 transmit a 
direct communication connection request signal from the first 
terminal to a network entity other than a terminal indicating 
that the first terminal requests terminal-to-terminal direct 
communication with the second terminal. 
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Next, at 64, if the terminal receives, in response to the direct 
communication connection request signal, a direct commu 
nication connection accept signal from the network entity 
other than a terminal indicating that the network entity other 
than a terminal accepts the direct communication connection 
request and will attempt to enable direct communication 
between the first terminal and the second terminal continue to 
65. Otherwise, return to 64. 

Next, at 65, if the terminal receives from the network entity 
other than a terminal a direct communication initiation signal 
including resource allocation information for establishing 
terminal-to-terminal direct communication between the first 
terminal and the second terminal using a radio access tech 
nology (RAT) in which the first terminal is configured to 
communicate with the second terminal when communicating 
through one or more base stations or (e)NB continue to 66. 
Otherwise, return to 65. 

Next, at 66, establish terminal-to-terminal direct commu 
nication with the second terminal based on the resource allo 
cation information provided by the network entity other than 
a terminal. 

In one embodiment, prior to the receiving from the network 
entity other than a terminal the direct communication initia 
tion signal, the first terminal had established communication 
with the second terminal through one or more base stations or 
(e)NB. In this embodiment, the receiving from the network 
entity other than a terminal the direct communication initia 
tion signal is part of a handover process handing over com 
munication between the first terminal and the second terminal 
from communication through one or more base stations or 
(e)NB to terminal-to-terminal direct communication. 
At 67, if at the first terminal a determination is made to 

disconnect terminal-to-terminal direct communication, at 68, 
transmit a direct communication disconnection request signal 
indicating that the first terminal requests disconnection of the 
established terminal-to-terminal direct communication 
between the first terminal and the second terminal. At 69, in 
response to the direct communication disconnection request 
signal, the first terminal receives from a network entity other 
than a terminal, a direct communication disconnection signal 
indicating that the established terminal-to-terminal direct 
communication between the first terminal and the second 
terminal is to be disconnected. 

In one embodiment, the receiving from the network entity 
other than a terminal the direct communication disconnection 
signal is part of a handover process handing over communi 
cation between the first terminal and the second terminal from 
terminal-to-terminal direct communication to communica 
tion through one or more base stations or (e)NB. 

In one embodiment, the second terminal, prior to receiving 
from the network entity other than a terminal the direct com 
munication initiation signal, receives a direct communication 
setup request signal from the network entity other than a 
terminal indicating that the first terminal requested terminal 
to-terminal direct communication with the second terminal. 
In response, the second terminal transmits to the network 
entity other than a terminal a direct communication setup 
confirmation signal confirming receipt of the direct commu 
nication setup request signal. 

Similarly, during disconnection, the second terminal 
receives from the network entity other than a terminal a direct 
communication disconnection signal indicating that the 
established terminal-to-terminal direct communication 
between the first terminal and the second terminal is to be 
disconnected. 

In reference to FIG. 7, logical flow of a method 70 for 
network-controlled terminal-to-terminal direct communica 
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16 
tion in a mobile telecommunication network includes at 71, if 
at a network entity other than a terminal (e.g., a terminal-to 
terminal service node), a direct communication connection 
request signal from a first terminal indicating that the first 
terminal requests terminal-to-terminal direct communication 
with a second terminal is not received, return to 71. 

Otherwise, at 72, in response to the direct communication 
connection request signal, transmit to the first terminal a 
direct communication connection accept signal indicating 
that the network entity other than a terminal accepts the direct 
communication connection request and will attempt to enable 
direct communication between the first terminal and the sec 
ond terminal. 

Moreover, at 73, in response to the direct communication 
connection request signal, transmit to the second terminal a 
direct communication setup request signal indicating that the 
first terminal requested terminal-to-terminal direct commu 
nication with the second terminal. 

In response, at 74, the network entity other than a terminal 
receives from the second terminal a direct communication 
setup confirmation signal confirming receipt of the direct 
communication setup request signal. 
At 75, the method 70, transmits to the first and second 

terminals respective direct communication initiation signals 
including resource allocation information for establishing 
terminal-to-terminal direct communication between the first 
terminal and the second terminal using a radio access tech 
nology (RAT) in which the first terminal and the second 
terminal are configured to communicate when communicat 
ing through one or more base stations or (e)NB. 

In one embodiment, the method includes, prior to trans 
mitting to the first terminal and to the second terminal the 
respective direct communication initiation signals, detecting 
proximity between the first terminal and the second terminal. 
In this embodiment, the direct communication initiation sig 
nals are encoded based on detecting that a predetermined 
proximity exists between the first terminal and the second 
terminal. Proximity detection in this embodiment takes place 
instead of or in addition to the proximity detection at the first 
or the second terminals. 

In one embodiment, where prior to the transmitting the 
direct communication initiation signals communication had 
been established between the first terminal and the second 
terminal through one or more base stations or (e)NB, the 
transmitting the direct communication initiation signals is 
part of a handover process handing over communication 
between the first terminal and the second terminal from com 
munication through one or more base stations or (e)NB to the 
terminal-to-terminal direct communication. 
At 76, if a direct communication disconnection request 

signal from the first terminal or the second terminal indicating 
that the respective terminal requests disconnection of the 
established terminal-to-terminal direct communication 
between the first terminal and the second terminal is not 
received, return to 76. 

Otherwise, at 77, in response to the direct communication 
disconnection request signal, transmit to the first terminal and 
to the second terminal respective direct communication dis 
connection signals indicating that the established terminal 
to-terminal direct communication between the first terminal 
and the second terminal is to be disconnected. Upon receipt 
the direct communication disconnection signals the terminals 
may disconnect the direct communication. 

In one embodiment, the transmitting to the first terminal 
and to the second terminal the respective direct communica 
tion disconnection signals is part of a handover process hand 
ing over communication between the first terminal and the 
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second terminal from terminal-to-terminal direct communi 
cation to communication through one or more base stations or 
(e)NB. 

FIG. 8 illustrates a detailed block diagram of an exemplary 
terminal, which in the illustrated embodiment is represented 
by the mobile phone 100. The phone 100 includes a control 
circuit 632 that is responsible for overall operation of the 
phone 100. For this purpose, the control circuit 632 includes 
the terminal controller 129 that executes various applications, 
including applications related to or that form part of the phone 
100 functioning as a terminal. 

In one embodiment, functionality of the phone 100 acting 
as the terminal described above in reference to FIGS. 1-7 are 
embodied in the form of executable logic (e.g., lines of code, 
Software, or a program) that is stored in the non-transitory 
computer readable medium 244 (e.g., a memory, a hard drive, 
etc.) of the phone 100 and is executed by the control circuit 
632. The described operations may be thought of as a method 
that is carried out by the phone 100. Variations to the illus 
trated and described techniques are possible and, therefore, 
the disclosed embodiments should not be considered the only 
manner of carrying out phone 100 functions. 

The phone 100 further includes the GUI 110, which may be 
coupled to the control circuit 632 by a video circuit 626 that 
converts video data to a video signal used to drive the GUI 
110. The video circuit 626 may include any appropriate buff 
ers, decoders, video data processors and so forth. 
The phone 100 further includes communications circuitry 

that enables the phone 100 to establish communication con 
nections such as a telephone call. In the exemplary embodi 
ment, the communications circuitry includes a radio circuit 
616. The radio circuit 616 includes one or more radio fre 
quency transceivers including the receiver 128, the transmit 
ter 126 and an antenna assembly (or assemblies). Since the 
phone 100 is capable of communicating using more than one 
standard or radio access technology (RAT), the radio circuit 
616 including the receiver 128 and the transmitter 126 repre 
sents each radio transceiver and antenna needed for the vari 
ous Supported connection types. The radio circuit 616 includ 
ing the receiver 128 and the transmitter 126 further represents 
any radio transceivers and antennas used for local wireless 
communications directly with an electronic device, such as 
over a Bluetooth interface. 
As indicated, the phone 100 includes the primary control 

circuit 632 that is configured to carry out overall control of the 
functions and operations of the phone 100. The terminal 
controller 129 of the control circuit 632 may be a central 
processing unit (CPU), microcontroller or microprocessor. 
The terminal controller 129 executes code stored in a memory 
(not shown) within the control circuit 632 and/or in a separate 
memory, such as the machine-readable storage medium 244. 
in order to carry out operation of the phone 100. The machine 
readable storage medium 244 may be, for example, one or 
more of a buffer, a flash memory, a hard drive, a removable 
media, a volatile memory, a non-volatile memory, a random 
access memory (RAM), or other suitable device. In a typical 
arrangement, the machine-readable storage medium 244 
includes a non-volatile memory for long term data storage 
and a volatile memory that functions as system memory for 
the control circuit 632. The machine-readable storage 
medium 244 may exchange data with the control circuit 632 
over a data bus. Accompanying control lines and an address 
bus between the machine-readable storage medium 244 and 
the control circuit 632 also may be present. The machine 
readable storage medium 244 is considered a non-transitory 
computer readable medium. In one embodiment, data regard 
ing the indication is stored in the machine-readable storage 
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medium 244. Within the primary control circuit 632 are the 
proximity detection logic 122 and the terminal-to-terminal 
direct connection logic 124. 
As described above, the proximity detection logic 122 and 

thus the phone 100 may include a near field communication 
(NFC) device, physical contact detection, a Bluetooth device, 
a GPS device, a tethered connection or any other proximity 
detection methodology. 
The phone 100 may further include a sound circuit 621 for 

processing audio signals. Coupled to the Sound circuit 621 are 
a speaker 622 and a microphone 624 that enable a user to 
listen and speak via the phone 100, and hear Sounds generated 
in connection with other functions of the device 100. The 
Sound circuit 621 may include any appropriate buffers, 
encoders, decoders, amplifiers and so forth. 
The phone 100 may further include a keypad 120 that 

provides for a variety of user input operations as described 
above in reference to FIG. 1. The phone 100 may further 
include one or more input/output (I/O) interface(s) 628. The 
I/O interface(s) 628 may be in the form of typical electronic 
device I/O interfaces and may include one or more electrical 
connectors for operatively connecting the phone 100 to 
another device (e.g., a computer) or an accessory (e.g., a 
personal handsfree (PHF) device) via a cable. Further, oper 
ating power may be received over the I/O interface(s) 628 and 
power to charge a battery of a power supply unit (PSU) 
631 within the phone 100 may be received over the I/O 
interface(s) 628. The PSU 631 may supply power to operate 
the phone 100 in the absence of an external power source. 
The phone 100 also may include various other compo 

nents. For instance, the imaging element 102 may be present 
for taking digital pictures and/or movies. Image and/or video 
files corresponding to the pictures and/or movies may be 
stored in the machine-readable storage medium 244. As 
another example, a position data receiver 634. Such as a global 
positioning system (GPS) receiver, may be present to assist in 
determining the location of the phone 100. 

Although the invention has been shown and described with 
respect to certain preferred embodiments, it is understood that 
equivalents and modifications will occur to others skilled in 
the art upon the reading and understanding of the specifica 
tion. The present invention includes all Such equivalents and 
modifications, and is limited only by the scope of the follow 
ing claims. 

What is claimed is: 
1. A terminal configured to operate in a mobile telecom 

munication network, the terminal comprising: 
a receiver configured to receive from a network entity other 

than another terminal a direct communication initiation 
signal including resource allocation information for 
establishing terminal-to-terminal direct communication 
between the terminal, which is currently communicating 
through a first (e)NB, and a second terminal, which is 
currently communicating through a second (e)NB dif 
ferent from the first (e)NB, using a radio access technol 
ogy (RAT) in which the terminal is configured to com 
municate when communicating with the second 
terminal through one or more (e)NB; and 

a terminal-end terminal-to-terminal direct communication 
logic configured to establish terminal-to-terminal direct 
communication with the second terminal based on the 
resource allocation information provided by the network 
entity other than a terminal. 

2. The terminal of claim 1, wherein the terminal-end ter 
minal-to-terminal direct communication logic is configured 
to encode a direct communication connection request signal 
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indicating that the terminal requests terminal-to-terminal 
direct communication with the second terminal, the terminal 
further comprising: 

a transmitter configured to transmit to the network entity 
other than a terminal the direct communication connec 
tion request signal; and 

wherein the receiver is configured to receive from the net 
work entity other than a terminal, in response to the 
direct communication connection request signal, a 
direct communication connection accept signal indicat 
ing that the network entity other than a terminal accepts 
the direct communication connection request and will 
attempt to enable direct communication between the 
terminal and the second terminal. 

3. The terminal of claim 2, comprising: 
a proximity detection logic configured to detect proximity 

between the terminal and the second terminal, and 
wherein the terminal-end terminal-to-terminal direct 
communication logic is configured to encode the direct 
communication connection request signal based on the 
proximity detection logic detecting a predetermined 
proximity between the terminal and the second terminal. 

4. The terminal of claim 1, wherein 
where prior to the receiver receiving from the network 

entity other than a terminal the direct communication 
initiation signal the terminal, through the first (e)NB, 
had established communication with the second termi 
nal, through the second (e)NB, the receiving from the 
network entity other than a terminal the direct commu 
nication initiation signal is part of a handover process 
handing over communication between the terminal, 
through the first (e)NB, and the second terminal, through 
the second (e)NB, to terminal-to-terminal direct com 
munication. 

5. The terminal of claim 1, wherein 
the terminal-end terminal-to-terminal direct communica 

tion logic is configured to encode a direct communica 
tion disconnection request signal indicating that the ter 
minal requests disconnection of the established 
terminal-to-terminal direct communication between the 
terminal and the second terminal, 

the transmitter is configured to transmit the direct commu 
nication disconnection request signal to the network 
entity other than a terminal, and 

the receiver is configured to receive from the network 
entity other than a terminal, in response to the direct 
communication disconnection request signal, a direct 
communication disconnection signal indicating that the 
established terminal-to-terminal direct communication 
between the terminal and the second terminal is to be 
disconnected. 

6. The terminal of claim 5, wherein 
the receiving from the network entity other than a terminal 

the direct communication disconnection signal is part of 
a handover process handing over communication 
between the terminal and the second terminal from ter 
minal-to-terminal direct communication to communica 
tion through one or more (e)NB. 

7. The terminal of claim 1, wherein 
the receiver is configured to, prior to receiving from the 

network entity other than a terminal the direct commu 
nication initiation signal, receive a direct communica 
tion setup request signal from the network entity other 
than a terminal indicating that the second terminal 
requested terminal-to-terminal direct communication 
with the terminal, 
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the terminal-end terminal-to-terminal direct communica 

tion logic is configured to encode a direct communica 
tion setup confirmation signal confirming receipt of the 
direct communication setup request signal, and 

the transmitter is configured to transmit the direct commu 
nication setup confirmation signal to the network entity 
other than a terminal. 

8. The terminal of claim 7, wherein 
the receiver is configured to receive from the network 

entity other than a terminal a direct communication dis 
connection signal indicating that the established termi 
nal-to-terminal direct communication between the ter 
minal and the second terminal is to be disconnected. 

9. A network entity other than a terminal configured to 
operate in a mobile telecommunication network, the network 
entity comprising: 

a network-end terminal-to-terminal direct communication 
logic configured to encode direct communication initia 
tion signals including resource allocation information 
for establishing terminal-to-terminal direct communica 
tion between a first terminal communicating through a 
first (e)NB and a second terminal communicating 
through a second (e)NB different from the first (e)NB 
using a radio access technology (RAT) in which the first 
terminal and the second terminal are configured to com 
municate when communicating through one or more 
(e)NB; and 

a transmitter configured to transmit respective direct com 
munication initiation signals to the first terminal and the 
second terminal. 

10. The network entity of claim 9, comprising: 
a receiver configured to, prior to the network-end terminal 

to-terminal direct communication logic encoding the 
direct communication initiation signals, receive a direct 
communication connection request signal from the first 
terminal indicating that the first terminal requests termi 
nal-to-terminal direct communication with the second 
terminal, wherein 

in response to the direct communication connection 
request signal, the network-end terminal-to-terminal 
direct communication logic encodes 

a direct communication connection accept signal indicat 
ing to the first terminal that the network entity other than 
a terminal accepts the direct communication connection 
request and will attempt to enable direct communication 
between the first terminal and the second terminal, and 

a direct communication setup request signal indicating to 
the second terminal that the first terminal requested ter 
minal-to-terminal direct communication with the sec 
ond terminal and that the network entity other than a 
terminal accepted the direct communication connection 
request and will attempt to enable direct communication 
between the first terminal and the second terminal, 

the transmitter is configured to transmit the direct commu 
nication connection accept signal to the first terminal 
and the direct communication setup request signal to the 
second terminal. 

11. The network entity of claim 10, wherein 
the receiver is configured to receive from the second ter 

minal a direct communication setup confirmation signal 
confirming receipt of the direct communication setup 
request signal. 

12. The network entity of claim 9, comprising: 
a proximity detection logic configured to, prior to the net 

work-end terminal-to-terminal direct communication 
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logic encoding the direct communication initiation sig 
nals, detect proximity between the first terminal and the 
second terminal, wherein 

the network-end terminal-to-terminal direct communica 
tion logic is configured to encode the direct communi 
cation initiation signals based on the proximity detection 
logic detecting a predetermined proximity between the 
first terminal and the second terminal. 

13. The network entity of claim 9, wherein 
communication had been established between the first ter 

minal, through the first (e)NB, and the second terminal, 
through the second (e)NB, prior to the transmitter trans 
mitting the direct communication initiation signals, and 

the transmitter transmitting the direct communication ini 
tiation signals is part of a handover process handing over 
communication between the first terminal and the sec 
ond terminal to the terminal-to-terminal direct commu 
nication between the first terminal and the second ter 
minal. 

14. The network entity of claim 9, wherein 
the receiver is configured to receive a direct communica 

tion disconnection request signal from the first terminal 
or the second terminal indicating that the respective 
terminal requests disconnection of the established ter 
minal-to-terminal direct communication between the 
first terminal and the second terminal, and 

the network-end terminal-to-terminal direct communica 
tion logic is configured to, in response to the direct 
communication disconnection request signal, encode 
respective direct communication disconnection signals 
to be transmitted to the first terminal and the second 
terminal indicating that the established terminal-to-ter 
minal direct communication between the first terminal 
and the second terminal is to be disconnected, and 

the transmitter is configured to transmit the direct commu 
nication disconnection signals to respective ones of the 
first terminal and the second terminal. 

15. The network entity of claim 14, wherein 
the transmitter transmitting to the first terminal and to the 

second terminal the respective direct communication 
disconnection signals is part of a handover process hand 
ing over communication between the first terminal and 
the second terminal from terminal-to-terminal direct 
communication to communication through one or more 
(e)NB. 

16. A method for network-controlled terminal-to-terminal 
direct communication in a mobile telecommunication net 
work, the method comprising: 

at a first terminal, receiving from a network entity other 
than a terminal a direct communication initiation signal 
including resource allocation information for establish 
ing terminal-to-terminal direct communication between 
the first terminal, currently communicating through a 
first (e)NB, and a second terminal, currently communi 
cating through a second (e)NB, using a radio access 
technology (RAT) in which the first terminal is config 
ured to communicate with the second terminal when 
communicating through one or more (e)NB; and 

establishing terminal-to-terminal direct communication 
with the second terminal based on the resource alloca 
tion information provided by the network entity other 
than a terminal. 

17. The method of claim 16, comprising: 
transmitting a direct communication connection request 

signal from the first terminal to the network entity other 
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than a terminal indicating that the first terminal requests 
terminal-to-terminal direct communication with the sec 
ond terminal; and 

receiving, in response to the direct communication connec 
tion request signal, a direct communication connection 
accept signal from the network entity other than a ter 
minal indicating that the network entity other than a 
terminal accepts the direct communication connection 
request and will attempt to enable direct communication 
between the first terminal and the second terminal. 

18. The method of claim 16, comprising: 
prior to receiving from the network entity other than a 

terminal the direct communication initiation signal, 
detecting proximity between the first terminal and the 
second terminal. 

19. The method of claim 16, wherein 
prior to the receiving from the network entity other than a 

terminal the direct communication initiation signal, the 
first terminal through the first (e)NB had established 
communication with the second terminal through the 
second (e)NB, and 

the receiving from the network entity other than a terminal 
the direct communication initiation signal is part of a 
handover process handing over communication between 
the first terminal and the second terminal to terminal-to 
terminal direct communication. 

20. The method of claim 16, comprising: 
transmitting a direct communication disconnection request 

signal indicating that the first terminal requests discon 
nection of the established terminal-to-terminal direct 
communication between the first terminal and the Sec 
ond terminal; and 

receiving from a network entity other than a terminal, in 
response to the direct communication disconnection 
request signal, a direct communication disconnection 
signal indicating that the established terminal-to-termi 
nal direct communication between the first terminal and 
the second terminal is to be disconnected. 

21. The method of claim 20, wherein 
the receiving from the network entity other than a terminal 

the direct communication disconnection signal is part of 
a handover process handing over communication 
between the first terminal and the second terminal from 
terminal-to-terminal direct communication to commu 
nication through one or more (e)NB. 

22. The method of claim 16, comprising: 
prior to receiving from the network entity other than a 

terminal the direct communication initiation signal, 
receiving a direct communication setup request signal 
from the network entity other than a terminal indicating 
that the second terminal requested terminal-to-terminal 
direct communication with the first terminal; and 

transmitting to the network entity other than a terminal a 
direct communication setup confirmation signal con 
firming receipt of the direct communication setup 
request signal. 

23. The method of claim 22, comprising: 
receiving from the network entity other than a terminal a 

direct communication disconnection signal indicating 
that the established terminal-to-terminal direct commu 
nication between the first terminal and the second ter 
minal is to be disconnected. 

24. A method for network-controlled terminal-to-terminal 
direct communication in a mobile telecommunication net 
work, the method comprising: 

at a network entity other than a terminal, transmitting to a 
first terminal, communicating through a first (e)NB, and 
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to a second terminal, communicating through a second 
(e)NB, respective direct communication initiation sig 
nals including resource allocation information for estab 
lishing terminal-to-terminal direct communication 
between the first terminal and the second terminal using 
a radio access technology (RAT) in which the first ter 
minal and the second terminal are configured to com 
municate when communicating through one or more 
(e)NB. 

25. The method of claim 24, comprising: 
prior to transmitting the direct communication initiation 

signals, receiving a direct communication connection 
request signal from the first terminal indicating that the 
first terminal requests terminal-to-terminal direct com 
munication with the second terminal; and 

in response to the direct communication connection 
request signal, 

transmitting to the first terminal a direct communication 
connection accept signal indicating that the network 
entity other than a terminal accepts the direct commu 
nication connection request and will attempt to enable 
direct communication between the first terminal and the 
second terminal, and 

transmitting to the second terminal a direct communication 
setup request signal indicating that the first terminal 
requested terminal-to-terminal direct communication 
with the second terminal. 

26. The method of claim 25, comprising: 
receiving from the second terminal a direct communication 

setup confirmation signal confirming receipt of the 
direct communication setup request signal. 

27. The method of claim 26, comprising: 
prior to transmitting to the first terminal and to the second 

terminal the respective direct communication initiation 
signals, detecting proximity between the first terminal 
and the second terminal. 
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28. The method of claim 26, wherein 
prior to the transmitting the direct communication initia 

tion signals communication had been established 
between the first terminal, communicating through a 
first (e)NB, and the second terminal, communicating 
through a second (e)NB, and 

the transmitting the direct communication initiation sig 
nals is part of a handover process handing over commu 
nication between the first terminal and the second ter 
minal to the terminal-to-terminal direct communication 
between the first terminal and the second terminal. 

29. The method of claim 26, comprising: 
receiving a direct communication disconnection request 

signal from the first terminal or the second terminal 
indicating that the respective terminal requests discon 
nection of the established terminal-to-terminal direct 
communication between the first terminal and the sec 
ond terminal; and 

in response to the direct communication disconnection 
request signal, transmitting to the first terminal and to 
the second terminal respective direct communication 
disconnection signals indicating that the established ter 
minal-to-terminal direct communication between the 
first terminal and the second terminal is to be discon 
nected. 

30. The method of claim 29, wherein 
the transmitting to the first terminal and to the second 

terminal the respective direct communication discon 
nection signals is part of a handover process handing 
over communication between the first terminal and the 
Second terminal from terminal-to-terminal direct com 
munication to communication through one or more 
(e)NB. 


